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(71) We. Armco Steel Corporation 
a coiporation organised imder the^ws of 
^ Stat« S'A^ic? 

UniZSi c?r^ f ^ Middlctown. Ohio 
United States of America, hereby declare 

St^"^"^"' pray tSt I 

patent may be granted to us. and*^the method 

SoUH?/ performed, to be par- 

This mvention is concerned with the pro- 
vision of protective and insulative potassium 
nSS^t^f^ silicon ^eel ma? 

?na ti,^ a process of f om- 
^ , coatmgs on the sheet stock. More 

D^SS^y is ccncSied^A 

providmg an adherent potassium silicate 
glass coating or fihn on sh'^tTu^ oriS 
and non<,nented sihcon steelTaheady W 

Sffh -^^K^J"" ^ Pl^osphate coatmg. or 
boOi. on their surfaces, the potassium 
gass coating serving to produce a final pro- 
duct haying improved magnetic properffes 
and a glass cpatmg exhibiting suSeriOT in- 
sulative qualities and oxidatioi te^rtattce 
. The term "silicon steel" as used herein 
IS mtended to include both orSd^ 
non-onented silicon steels, and restates to 
materials containmg from 0.5% to 5% 

f'^'k^^'^ ^ not more 

Aan a04p%. an initial sulfur (or selenium) 
content of not more than 0.03%. manganesi 
m the range of from 0.02% lo Ov4% Md 

r^*'' '^Jance being iron with phos- 
phorus, cojjp^ and such other hnpurities as 
are usual in the manufacture of sflicon rt^ 
m the basic open hearth furnace, electric 
J^^^^^Jhej^arfow oxyge^' bl^ 

[RriZ 



Various processes for produdns silicon 

factors will depend upon the dtesiS^Sf 
and properties of the final produa Fbr 
sample, processes for prodS siuS^^ 

S al^- «^°^'eg scale, cold roffiSg to 
nnal gauge and subjecting the stock to a 
find anneal. Usually theTou^gSd^ t 
decarbunzmg anneal as well "^'^"aes a 

nri^*^^? °^ oriented and non- 

onoited sihcon steels, the need for a 
type msulative coating or fihn in^e^- 
faces of the stock las been widehr « 

SiS^f ^ f ® important m the manu- 
farture of cores for magnetic apparatus, and 

"^^^ been a number of 
approaches to the formation of a ehZ nr 
coatmg on tiie sheet stock. £ Sie 1930°s 
sodium sihcate and various additives w^l 
proposed for use as resistive coatiSs^d 
to prevent rust Work along these lhi« K 
continuwi as evidenced by U^ed Statel 

mere is taught a coating for protectinff fer. 
roi« base afloys fiomTxide SS^ £ 
carbunzation at elevated toSliaftiS 
cpmpnsmg an alkali metal ^S^*^ 
alummium oxide '-u>^vb ana 

J^J^.J^'^^^ attention was 

P^^°sphate coatings for int«^ 
Ration resistivity and protoAion agaimt 
rust and corrosion. For example 
StatK Patent Specification No^ IsofS 
teaches the appilcation of msuhrth^ pi^ 
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phate coatings to ferrous magnetic shecte 
Such coatings have become of particular 
importance in the manufacture of on^ted 
sDiwn-irons which have oriento^ons 

5 achieved through the surface energy pheno- 
menon and which cannot tolerate a glass 
Sating during the final high temperauwe 
anneal In such instances phosphate coat- 
ings may be applied after the high tem- 

10 perature final anneal. 

At the same time, prior art workers m- 
vestieated glass coatings, formed on silicon 
S^ock. in instances where the provision 
of such coatings did not interfere witfi^c 

15 achievement of the desired magnetic ch^- 
teristics of the final product Such ^^s 
coatings are commonly referred to as mUl 
Elass"lind may be further defined m hght 
of this mvention as any glass coating formed 

20 by the reaction of magnesiuni or calcium 
impounds with silica derived at least in 
partem the oxidation of sdicpn in the 
Slicon sted base. The "mdl glass may 
contain additional inert or reactive m- 

^ aStt' steels having orientations achieved 
flm>ugh the grain boundary energy pheno- 
^oraie Samples of ferrous mater m^s 
upon which miH glass may be formed The 

30 glass is formed during the high tem- 

perature final anneal. An annealing separ- 
^or such as magnesia is used, v^ch reacts 
^ froXthe steel (in the form of 

to produce a glass fihn. substantially 

35 Sesiu^ silicate, on die steel surfac^- 
TTteformation of such a glass is taught for 
iSnpTin United States Patent Sp«^c^- 
ti^Vs. 2.385332. 3.333,991. 3,333.992 
and 3.333.993. wberem there k descnbcd the 

40 fomition of a surface, silica layer, genenO^y 
during a decarburization stq» pnor to tne 

^^;>sed in United States Patent 
Spedfication No. 2.354.123. a.magn^an- 

45 n^ings separator contaming sdica additioiK 
!S ^ u^ as an annealing separator on 
prroxidized silicon-kon shert stock. In 
United States Patent Specifiaition No. 
1 394 047 it is taught that an oxidizmg agmt 

50 such 'as caldum hydroxide or a.mfa"'^ 
c^bonate or hydroxide may be added to a 
magneda annealing sraarator containmg 
thus elimmating the necKsity of pre- 
^^ing the silicon steel. The^ patents 

55 represent various approach^ to the fonm- 
ti<m of miU glass on the surfaces of ferrous 

"fflSn SrStovided witti glass fihns or 
coatings of tiie types described above have 

60 been found under normal circumstan«» to 
possess sufficient insulative quahties Jfow- 
ever. silicon steds so coated have sOso bera 
foui^d capable of bemg severely damaged 
magnetiSly by anneals subsequoit to the 

65 fcSl anneal (such as stress tchcf anneals) 



oracticed by manufacturers of transformers 
Ind the like. Often such anneals are con- 
ducted in atmospheres and under operatmg 
conditions conducive to oxidation and car- 
bon pick-up. In addition, mdl glass is not /u 
always characterized by uniform thickness, 
and may have tiiin spots. Products havmg 
been subjected to such subsequent anneals 
frequentiy demonstrate the presence of 
oxide scale and internal oxidation of silicon /3 
iust below tiie surface. In addition, carbon 
Dick-up often occurs, resulting m mcreasea 
watt loss and further deterioraUon of tiie 
magnetic properties (known in tiie art as 
magnetic aging). , 
Phosphate coatings, on tiie otiier hand, 
are easfly reduced by certain reducing atmo- 
spheres. Wh«i tilts occurs free phosphorus 
ii formed which contammates the steel, and 
metallic iron is formed which breaks down 85 
tiie interlamination resistivity of the coat- 
ing It will be understood that the term 
"phosphate coatings" as iBed herein is in- 
tOTded to mean coatings of phosphoric acid 
with or witiiout metal phosphates, such as so 
magnesium phosphate and alummum phos- 
phate, as well as otiier agents added for 
specific purposes. 

Until relatively recentiy mameuc losses 
due to stress relief anneals or the like were 95 
not considered to be of as great concern as 
tiiey are today, because PP^ucJ. 
ments were not as high. In addition, the 
magnetostriction effect was not a J"»ary 
co^m and tiie noise factor m transformers 100 
and the like was not looked upon as bemg 
of great importance. In recent years, how- 
ever product requirements have risen ain- 
sidCTably. and the need for a glass coalmg. 
Sg not only sufficient insulative qualities 105 
but also sufficient protective quahues to pre- 
serve and even enhance the magnetic pro- 
perties of silicon steels, has become aaite. 

It has been discovered that the above 
mentioned problems may be overcome by 110 
tiie application of a potassium silicate glass 
fihn to silicon steels having a mill glass, or 
a phosphate coating, or botii, on tiieu- sur- 
faces. The potassium silicate glass coatings 
of tiie present invention are characterized by 115 
adcqu^ refractoriness and an attractive 
S:e appearance. The glass coatmgs of 
^presSt invention provide additiona^ 
electncal resistivity, increase tiie tensional 
level m tiie ferrous magnetic material to 120 
which it is applied (tiius improving magneto- 
jSon). a£d protect the ferrous ma^eUc 
material against contamination or magnetic 
J^^^a^"^uised by subsequent anneak 

stress relief anneals. These benefits 125 
areobtahied inexpensively, smce the mven- 
tiSi^y be prartised ^th^^^g plant 
Muipm^t and readily avadable chemical 
impounds. Furthermore, the apphed coat- 

potassium silicate does not depend 130 
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^» chemical reaction with the ferrous 
«ibstrate nor with previously fonnej SLt- 

5 tn ^ri*^ ?^'"^^°'®' ^ of ^ invention 

,^£c°^'*^® a process of forming an adherent 
potassium silicate glass coating or fihn on 
sdicon steels which overcomes the proWeS 

'° vi^^^""^ ^ invention there is pro- 
VKled m a pro«ss of producing orieSted 
and non-onented silicon steel stock com- 

K^riSfo'-'^' ?^ '^^^ reducing'STsiK 
t< I '^^ov'ng the scale, cold lolline to 

anneal and provjdmg the surfaces of said 
Stock with a mm of im glasTorl SfcTof 
phosphate coatmg. or lay^ tothlK- 

.20 said stock having said suiface fihn with al 
aqueous solution consisth^g essent^y 7f 

* temperature above 1000<'F to 
form a potassium siKcate glass coatine on 
.25 said stock over said fihn. "'aung on 

Preferably the potassium silicate has a 
tofsriW^er^^'^-^-^^o-":! 
30 stiSt^ «>«Pri^ a 

<v,ri^^^"y ^''l potassium siUcate glass 
^ ^..'^^ thickness of from OM 
2^ P^- more particularly ^ 

from 0.08 mils to 0.12 mils, ^"^'"'"^y 

Afx accordance with the oresent in- 

40 v^tton oriented and non-orient^^Tmc^n 
.Provid^ with a potassium siS 
g^ass coatmg or fihn. Once the silicon steS 
^etic stock has been processed to S 
pnge nnparted with the desfred metal- 
45 ^gical characteristics, and pr^S 

mill glass, or a phosphate coating, or both 

J^tocc^*^-. '"*^ ^ aqueous ^lution of 
potessium sihcate (with silica to potassium 

monoJ^ t<<n^** .preferably of from 
l^^l ^ 1^9°F.. in air or a protective 
atoosphere to form a tenacious. LSI 
and protective glass fihn on the ^tock The 
S*,fi!Sf annealing steps may coiistitute 

oFth^ fin?r*^S ^ ^ the production 
of the final product It is withm the scooe 

Zihfh"''""'^°°' to coat the stodc 

with the aqueous solution of potassium siMc- 

60 ate and to fire Ae coating trformTK 
as a part of a thermal-flattening anneal R 
Z!^ ^i'^ the scope of the invention to 
and firing steps after 

65 As is known in the art. the potassium silic- 



ate solutions of the present invention may 
contam small amounts of stabilizers to fori 
glass fihns characterized by inoeased resist- 
ance to heat and to chemical attack 

fiiir ^''^^^ S'ass coatings or 70 

films of the pr^ent invention compriTap- 

thl cf^u u °° silicon^ after 

the stock has been processed to final gauge 
and imparted with the desired metalluS 
cbaracterisucs. As indicated above.^ 75 
Potassium SiUcate glass is formedVnlilicSn 
Steel stock already having on its surfac«^a 
moU gla^ or a phosphati coating, or botk 

^nJt S^r^ "^f^ coatiAg delays 
ceUent adherence, hmited only by Uie basic 80 

It has been discovered that iota^hm 
^ ? f^P^^y desirable cS^fo? 
silicon steels because it can be appfied in a 

!?^^°°thatiseasytouse;it^beV 85 
phed at room temperature; it can be fiS 
at temperatures of from lOOOT. to 1650«>F 
^? °^ adequate refractoriness with- 

out boding; and it produces a toiacious 

i«^^,oott glass, of Vactive apSS 90 

Icf?^*^^"* expansion less than steel 
i?°^P in the sK 
^TLT.-^"^P°°^ inprovement in 
magnetostnction and core lo^ The glass 95 
also has excellent electrical resistivity 

c!?.vfit» f '^^^^^ invcntioD potissium 

ahcates havmg a silica to potassitm oxide 
ratio of from 2:1 to 23:l^d higher are 
grrferred. Pbtassium silicates of a highly 100 
ahceous composition are preferred s!^ 
ttey form ^assy coatings with a high d^ree 
ofr^nn«s. KASIL (Register^ T^ll 
Mark) No. 1. sold by the Philadelphia 
Quartz Company of the United States of 105 
an5 DuPont Grade No. 30. so?d 
^ '^e Nemours and Com- 

pany of the United States of America, are 
examples of potassium siKcates found suit- 
able for the present mvention. Both have no 
^'^t 'atio of siUca to potassium oxide 
or zjo. Potassium silicates of this type 
**»e .^>ecial property of produdmg 
glasses which do not effloresce or "bloom" 
Sodium sihcates. for example, will "bloom" 115 
and as such are unsuitable for the purposes 
of the present mvention. *^ 

An aqueous solution of potassium silicate 
compnses a coating which may be casfly 
applied to the surfaces of siUcon steel strip 120 
by known rneans including dipping, spra3^. 
™f ;u ^octormg. roller coating or Sther 
methods producmg a thin, uniform coating, 
llie coatmg is applied in a tiiickness such 
toat. after firmg. a glass will be formed hav- 125 
ing a total final thickness indudiog the 
W "jfl Slass. applied coating or 
botii of from 0.04 mils to^.2 mils, and pre- 
ferably from 0.08 mils to 0.12 mils. 
Potassium silicates at© available in liquid 130 



or solid fom. The amount of diluuoa^ 
not criUcal and depends on a number of 
factors including coaUng me&pd. traapera- 
ture of application and the like. For ex- 
5 ample, when both the soluUon and &e 
sili^n steel strip are at room temperature 
and appUcation is made by roller coatmg. 
excell^t results are acWeved with a pota^ 
sium silicate to water ratio of from 1 . 0.5 to 

^° ^ "TTie solution may be fired to form a glass 
rapidly, as is necessary on a commercm 
producUon line. Fking is preferably accom- 
plished by a strip anneal m air or m a pro- 

15 tective ^osphere such as of mtrogen. 
Sogen. mbrtures thereof, or gases ob- 
Sned ^ the partial combustion of natu^ 
BBS A glass of excellent quaUty is fomed 
the pTtassinm siucate^juuo^^ 

20 at a temperature of from 1000 F. to l^su r . 
and ptetCTaWy of from 1200°F. to 1500°F. 
uAKe co^ is fired at a temperature 
oflrtleast lOOOOF. the glass does not have 
sufficient resistance to heat, nor do« it pro- 

25 duce the required tension levels m the stMi. 
hha^ teen found that the coatmg be- 
comes progressively more durable and 
hi£?r t^on levek in the sflicon st^I are 
achieved after firing when tiie solution ^ 

30 &ed at the upper portion of the above ^ 

temperature ranges. It has .f^r^f. 
£ou£d that these advantages wflnot be lc«t 
when the silicon steel is subjected to a sub- 
sequent stress relief anneal. 
35 If the firing step is practiced at tem- 
p "at,^ abofe alSut 1650OF. &e sj^^on 
rteel demonstrates a greater suscepUbihtyto 
magnetic damage. At sudi high 
peiitures. the strength of the sihcon ^ 
40 lowered and difficulty ^en^P^^ "J 
handling the strip during Ae finng anneal 
without imparting too much tension to it. 

In normal strip annealmg operaUons. the 
time requked at normal temperalure m^t 
45 range from zero to about three mmutes. "^e 
strip speed will usually be about twenty-five 
feet per minute or higher dependmg upon 
the iCTgth of the furnace and other factors 
such as strip width and thickness, furnace 
50 temperature and the like. . 

Tlie glass coating of the present invention 
provides exceUent protection for the b^e 
metal during stress rehef anneals m harmful 
atmospheres such as wet atmospheres oi 
S5 anv fflses. or wet or dry atmosphtares of 
SothS gases. ExceUent results are 
achieved when the potassium sihcale ^ 
appUed to the surfaces of silicon sted 
^S*^having a layer of mfll glajs or a 
60 phosphate <iating thereon, the stock Ixr^ 
subjected to a sttws rehrfaW 
Sa dry 90% nitrogen. 10% hydrogen almo- 



the potassium siHcate glass coating 
65 of the present invention is to be apphed 



to silicon steel stock having a mill glass on 
its surfaces, the mill glass is formed during 
the final anneal developmg the desired gram 
orientations, as described above. Excess 
annealing separator is removed by scrubbing . 0 
orthe like, kaving only the null glass on ^e 
stock surfaces. The stock is then preferably 
(although not necessarily) subjected to a 
flash p^e prior to the appbcauon of the 
Dotasdum silicate solution. 

When the glass of the present mvent.. a is 
to be formed on silicon steel stock having 
a phosphate coating, the annealmg separator 
may be entirely removed or excess ma^esia 
mSte scrubbed or pickled from the^o^ 80 
aftir the final anneal developmg the desired 
grain orientation. The stock is th«m pro- 
dded witii a phosphate coatmg, as for ec- 
amole in accordance with the teachings of 
4^P?bo^e mentioned Unfted Stjues 85 
^edfication No. 2.501.846. and then coated 
with potassium silicate. , 

ThrappUcation of tiie pota^um sihcate 
solution Md tile firing thereof to fonn a 
Ss may be accomplished, in several ways 90 
For example, tiie applicauon step and the 
firine step may constitute separate and addi- 
S steps i£ the production of the stock 
after the mfll glass, or applied coatmg. or 
botii has beeE formed tiiereon. as de- 95 

^°0^*th?other hand, m tiie production of 
oriented and non-oriented sdKon rteels. it 
is often the practice to subject the stock at 
ffiiS^gauge &nd having tiie desired mete^- 100 
lurgidl claracteristics) to a ^ermal-flattra- 
i^^anneal as taught in United States Patait 
SMcifications Nos. 3.130.088 and 3.161.225. 
Smce the tiiermal-flattening anneals are 
iS^rally conducted witiun a temperature 105 
Lige shnilar to tiiat given above for finng 
the potassium silicate soluuon to form a 
^fit is witiiin tiie scope of .tiie present 
Svmtion to apply tiie potassium sihcate 

prSr t^Vthermal-flatt^ing anneal 110 
and to fire tiie solution dunng tiie tiiermal- 

^nS'd^'^i tiie scope of tiie present 
mvoition to practise tiie coatmg and finng 
STfoni tiie potassium sUK^te ^ 115 
after the stock has been subjected to a 
thermal-flattening treatment , 

Examples of ^e practice of theinvenUon 
will now be given, it bemg understood that 
tiSey are iUi^trative only, and are not m- 120 
tended as a limitation on the mvention. 

EXAMPLE I . , 

Samples were taken from a commCTcml 
cofl of 9 mil. cube-on-edge sihcon steel. 
wWch had be^ processed in accord^ce 125- 
S the teadungs of United States speafica- 
^n No. 3.333.992. including die steps of hot- 
redudng tiie silicon steel, remo^ *® 
SeT^Id rolling to final gauge, and sub- 
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20 



? present invention. The 

1 P^^^ed. coated with potassiuni 

stnp furnace in an air atmosphere. Table 
LS^'^^.k'*'^ potassium silicate to tS^ 
ratios of the solutions, type of Dotassium 
sihcate used, and the approximate s^Sk 
temperature during firing. '^'^^^ sample 



Sample 
Number 



TABLE I 
Solution 



Approximate 
Strip Temp. 



1 
2 
3 
4 
5 



1:1 (Kasfl) 

1:1 (Kasil) 

1 : 1 (Kasfl) 

1:2 (Kasil) 

1:2 (Kasil) 



1500°F. 
1350°F. 
lOOO^F. 
1350OF. 
lOOO^F. 



beSf?ub5LtS'to'°I'5trS^^ samples as sheared and after 

sphere of 90% nitrogen a^dTo%^drog£ Table n^inrl\^^°^- ^ ^ dry aS" 
ooil which was not provided with a Ssium siKLt- * ^^F^ t^e same 
glass on Its surfaces. potassium sihcate glass and had only the^nJU 



25 



30 



Samples 



TABLE H 

Core Loss (oersteds) 
PIG: 60 Pl5:60 P17:60 



Mill glass only 
1 
2 
3 
4 
5 



Permeability 
at H,„ 



0.203 
0.195 
0.193 
0.190 
0.193 
0.207 



0.472 
0.460 
0.457 
0.448 
0.453 
0.482 



35 



The potassium silicate glass was aoDroxi. 
matety 0.1 mils thick on ^sa^pj^*'^^; 
potassium sihcate glass remain^ smooth 
and contmuous and did not lose resistiv^ 
durmg the stress rehef anneal 

_ EXAMPLE n 

Inree samples, identical to 



0.710 
0.699 
0.695 
0.677 
0.680 
0.735 



Magnetostriction 
(AL/L) 



1822 
1817 
1817 
1820 
1821 
1799 



--53 
-63 
-65 
-53 
-46 
-40 



samples 1. 2 



KK^l^noF^w'^^ four 

tiJof^tJ? J"'"*?*** magnetic proper- 
tow the samples after the strcsf rSfef 



TABLE m 



50 



Samples 



9°^® ^ss (oersteds) 
P10:60 P15:60 P17; 



60 



Mill glass only 
1 
2 
3 



Permeability 
at H,. 



0.220 
0.195 
0.200 
0.200 



0325 
0.470 
0.478 
0.475 



Magnetostriction 



0.795 
0.716 
0.737 
0.721 



1810 
1817 
1803 
1818 



0 
-80 
-73 
-43 



55 



60 



65 



str^fiS,w ^'^^f'^ ^ conditions of this 
f^T.J^^.^^ (normally recognized to 
be harmful to the silicon st«4l and^^a^ 
"etic properties), excellent protection wis 
^wd«i by the potassium sflfcatrS- The 
ma^ete properties were improv^ indud! 
mg a great ^^^tm magnetostriction. 

A coil of nominally 3% silicon steel 
which was processed <imi^<S^ inclS 
mg the steps of hot-reduSS^^^^iif: 
scale, and cold roffing to finaTgS 3 
ttjen subjerted to a fii^ amieal. Sd^avtas 
on its surfaces a conventions^ S 
coatmg. was roller coated wiS fSlufeS 



of one part Kasil No. 1 potassium siUcate 
and two parts of water. te^S- 

f^S^di^^-^ ad- 
A continuous and very smooth coatine of 
^^"^ silicate abom 0.1 S 
S^^JiT**,*^ Slass. Testj^^S 
^Aemill^ coated. material before Ind 
atter the potassium silicate treatment were 
token from the front and backpSSo,^ of 
the coil and stress relieved at 1475°F h, a 

M,^^?^^J:*°^^^y'^~S«° aSnoj^here. 
Magneuc test results of the stress relieved 
samples are given in Table IV. 
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15 



25 



30 



Sample 
Condition 

Mill glass 

only 
Silicate 

coated 
Mill glass 

only 
Silicate 

coated 



^^'coU P10:60^^1?ll:'66"'Tl7:60 at Hlo 



TABLE IV 
Core Loss (oersteds) 



Perme- 
ability 



Magneto- 
striction Franklin 
(AL/L) (amp.) 



Front 


0.249 


0.554 


0.802 


1824 


+5 


0.67 


Front 


0.234 


0.530 


0.760 


1832 


-75 


0.10 


Back 


0.255 


0.561 


0.805 


1816 


+ 122 


0.65 


Back 


0.239 


0.538 


0.782 


1816 


-56 


0.08 



The consistently lower core losses at each 
InducUon and the considerably higher Frank- 
lin resistivity (lower amperage) imparted Dy 
the potassimn sDicate glass indicate the ex- 
cellent protection against oxidauon the 
superior insulative properties pr<?X»<*«* ,ll 
the potassium sUicate. In addition. Oe 
20 magnetostriction was again greaUy improved. 

EXAMPLE rV 
A coil of 3% sOicon-iron was processed 
commercially, mcluding the steps of hot- 
reducmg. i^ovmg scale, and c^d rolling 
to final gauge, to obtam a cubf.-o^-fdge 
oriented Moluct after the final hi^ tem- 
box anneal at 2200°F. m dry hy- 
§?SeS^ ^^a applied to the surfaces 
Sri^o AeWeal reacted with sihca 
Ke surfaces of the silicon-iron to form a 
mill glass coating. 



The mill glass was cleaned by flash pick- 
line the surface and the strip was coated 
wiSi magnesium phosphate and thermally- 
flattened at 1500OF. 

The phosphate coated strip was then 
roUer coated at room temperature with a 
1 : 1 water solution of potassium abcate and 
immediately, while at a speed of ^ty feet 
per mmute. fired at a temperature of 
1400°F. MSCF. in an air atmosphere 

*"sS"les from the front and back of the 
coU were stress relieved at 1500-F for two 
hours in a dry 90% ^^°B<«^^O^f^Jy: 
drogen atmosphere, together with adjacent 
samples taken from the same coil havmg 
the mUl glass and phosphate coatme and 
tested for magnetic properties, ine tesi 
results are given in Table V. 



TABLE V 

Position 

Coating InCbil FlQ-.eO P15:60 PIT^ 



Permeability Magnetostriction 
at Hi. (AL/L) 



Double 
55 Triple 
Double 
Triple 



Front 
Front 
Back 
Back 



0.236 
0.241 
0242 
0.240 



0549 
0356 
0.556 
0.555 



0.840 
0.852 
0.847 
0.840 



1785 
1790 
1790 
1790 



-85 
-111 

-76 
— 108 



35 



40 



45 



50 



60 



65 



70 



75 



The triple coated coil had a coaling thick- 
ness of about 0.2 mils. 

Ahhough the core loss values were m- 
condusivrit is readily , apparent that ^e 
ootassium silicate coatmg unproved the 
Sagnetostriction as compar^ to the same 
nui&l having only miB dass and phos- 
coatings. Due to the basic nature of 
Sie potassium siKcate. there n^y have been 
S^rSiical reaction wMh the acid phos- 
Siate coating which resulted m no unpiovc- 
moit in the core loss values. . ' ».„ w. 

Modifications may be made m the m- 
vffltion without departing from the spin of 
ft For example, small amounts of soluble 
stabilizers (well known in &e art and com- 
SSTconipounds of the ele^=°ts .of 
lA Md DA of the Periodic Table) 



may be added to the potassium silicate solu- 
tions of the present invention to increase die 
^ractorin«^ of the potassimn sdic^ gla^ 
and render the gjass more resistant to 

'^^'IS^m which the ootassimn sUk- 
ate solution and the firing thereof to form 
a gSs ^ accomplished will depend. m 
Lie measure, on the ultimate use to which 
KlT^^ stock is put. For sample. 

tte ^ck is to be used ^ .^f^ribuuon 
JaiSormers. it is mually subjected to a 
reKef anneal. Often, a thermal-flatten- 
is dispensed with when &e stock 

S to be subjected to a stre^ '^^"^^^^t^A 
Under such circumstance!, the coatmg and 
firing steps in the formation of a potassium 
Se Sass will usually constitute separ- 



80 



85 



90 
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ate steps in the processing. When the silicon 
steel IS to be used in power transformers, it 
generaUy will not be subjected to a stress 
relief anneal, but it may be subjected to a 
5 thermal-flattening anneal. Under such cir- 
cumstances, the thermal-flattening anneal 
may serve simultaneously as the firing an- 
neal in the formation of the potassium silic- 
ate glass, 

10 WHAT WE CLAIM IS: — 

1. In a process of produchig oriented 
and non-oriented silicon steel stock com- 
prising the steps of hot reducing the siUcon 
steel, removing the scale, cold rolling to final 

15 gauge, subjecting said stock to a final an- 
neal and providing the surfaces of said stock 
v^Uh a film of mill ^ass. or a layer of phos- 
phate coating, or layers of both, the im- 
provament comprising the steps of coating 

2U said stock havmg said surface fihn with an 
aqueous solution consisting essentially of 
pot^um siUcate and heatmg said coated 
stock to a temperature above lOOOOR to 
form a potassium silicate glass coating on 
25 said stock over said film. 

. ^- process according to claim 1 where- 
m said potassium silicate has a silica to 
potassium oxide ratio of from 2: 1 to 2 5 • 1 
and higher. 

30 3. A process accordmg to claim 1 or 2 
am^ said heating step comprises a strip 

4. A process accordiag to claim 1 
wherem said heating step is conducted at a 

.35 temperature of from lOOO^F to 1650®F. 

5. The process claimed in claim 1. 2, 3 
or 4, wherein said heating step is conducted 
at a temperature of from 1200OF. to 1500°F. 

Ar^ 1 . ^ process according to any one of 
40 c auns 1 to 5. wherein the potassium sihcate 

glass coating has a final thickness of from 

0.04 mils to 0.2 mils. 

7. A process according to claim 6 where- 
? the potassium sUicate glass coating has a 

45 final thickness of from 0.08 mils to 0.12 mils. 

8. A process according to any one of 
claims 1 to 7, wherein said heating step is 
condutced in air. 

f ^" ^ process according to any one of 
:50 claims 1 to 8, wherein the heating step is 
conducted in a protective atmospho-e of 
hydrogen, or nitrogen, or mixtures thereof 
and partially combusted natural gas. 
1 ^ process according to any one of 
:55 claims 1 to 9. mcludmg the step of flash 
picklmg said stock having said surface fihn 
of mill glass prior to said coating of said 
stock with said potassium siKcate solution. 
11. A process according to any one of 



fl^^J «^^"^ing the step of subject- 60 
ing said coated stock to a thennal-flatteninor 
anneal, said thermal-flattaiing anneal comt 
pnsmg said heating step. 

12. In a process of producmg oriented 
and non-oriented silicon steel stock compris- 65 
ing the steps of hot reducing the silicon steel 
removmg the scale, cold rolling to final 
gauge, subjectmg said stock to a final anneal 
and providing the surfaces of said stock with 

S^^^- ^ ^ayer of phosphate 70 
coatmg. or layers of both, the im^rovem^^^^ 
comprismg the steps of coating said stock 
having said surface fihn with an aqueo^ 
soluuon comprismg potassium sihcate said 
gotassium silicate having a siUca to TOtas- 75 
Slum oxide ratio of from 2: 1 to 2.5 : 1 and 
nigher. and heating said coated stock to a 
teniperature of from lOOOOR to 1650oF 

f Af^^^S a final thickness 

of from 0.04 mils to 0.2 mils. go 

13. Sihcon steel stock having on its 
surface a first layer comprising a miU glass 
and a second layer comprising a potas^um 
sihcate glass over said first layer. 

14. The product clauned in daun 13 85 
wherem said first and second layers have a 
thickn^ of from 0.04 mils to 0.2 mils. 

5. The product clauned m claun 13 
wherem said first and second layers have a 
f^^o i?^ 0.08 mils to 0.12 mils. 90 

16. Sihcon steel stock havmg on its sur- 
tace a first layer comprismg a phosphate 
coatmg and a second layer compriang wtas- 

sihcate glass over said first layer/ 

17. The product clauned m claim 16 95 
wherem said first and second layers have a 
^f^ess of from 0.04 mils to 0.2 mils 

18. The product claimed in claun 16 
wherem said first and second layers have a 

lo ^ ^'^^ ^ 0.12 mils. 100 
IV. Sihcon steel stock havmg on its sur- 
tace a first layer comprismg a miU glass a 
second layer comprismg a phosphate coat- 
* ? ^^y^^ comprising potassium 
sihcate glass over said second layer. 105 

20. A process of producing oriented and 
nonK)riented siUcon steel stock accordmg to 
claun 1 substantiafiy as herem described 
with reference to any one of the foregomg 
Examples. * 110 

21. Silicon steel stock when produced 
by the process set forth m any one of claims 
1 to 12 and claun 20. ^^omia 

For the Applicants: 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
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